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Abstract: Walnut shell waste is an agricultural lignocellulosic residue containing approximately 17.74% cellulose, 

36.06% hemicellulose, and 36.90% lignin, which makes it a promising feedstock for solid biofuel production. Red 

dragon fruit peel, which contains about 14.6–20.14% pectin, can act as a natural binder for biomass briquettes. This 

study investigates the use of walnut shell waste and red dragon fruit peel adhesive for the production of charcoal 

briquettes as an alternative renewable fuel. Charcoal briquettes were produced from walnut shell waste using red 

dragon fruit peel adhesive at three concentrations (15 g, 20 g, and 25 g per 100 g of charcoal). An experimental 

laboratory approach was employed to evaluate the physical and chemical properties of the briquettes. Key parameters 

measured included density, calorific value, compressive strength, moisture content, ash content, volatile matter, and 

fixed carbon. The results were compared with the Indonesian National Standard (SNI) for charcoal briquettes. The 

briquettes produced with 15 g of red dragon fruit peel adhesive per 100 g of charcoal exhibited the most favourable 

performance, with a density of 0.7808 g/cm³, a calorific value of 4716.28 cal/g (≈19.7 MJ/kg), a compressive strength 

of 14.99 kg/cm² (≈1.47 MPa), a moisture content of 5.98%, an ash content of 7.64%, a volatile matter content of 

10.89%, and a fixed carbon content of 81.09%. Most parameters met the SNI requirements, while the calorific value 

and compressive strength were slightly below the recommended thresholds. These findings indicate that walnut shell 

waste combined with red dragon fruit peel adhesive can yield charcoal briquettes with generally good physical and 
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chemical properties, highlighting the potential of this biomass binder system as a source of renewable solid fuel. 

Further optimisation of binder formulation and processing conditions is warranted to fully meet standard performance 

criteria and to support wider practical application. 

Keywords: walnut shell; red dragon fruit peel adhesive; pectin binder; charcoal briquettes; biomass; renewable 

energy. 

以红心火龙果果皮为天然粘结剂制备的 Canarium indicum 果壳废弃物可

持续木炭压块 

摘要：胡桃壳废弃物是 种典型的农业木质纤维素残余物，其纤维素、半纤维素和木质素含量分别

约为17.74%、36.06%和36.90%，因此具有作为固体生物燃料原料的良好潜力。红心火龙果果皮中

果胶含量约为14.6%–20.14%，可作为生物质型煤的天然粘结剂。本研究以胡桃壳废弃物为原料、

以红心火龙果果皮粘结剂为结合剂，制备生物质型木炭压块，以期开发一种可替代的可再生燃料

。实验采用实验室控制条件下的对比试验方法，分别在胡桃壳木炭100 g中加入15 g、20 g和25 g红

心火龙果果皮粘结剂制备压块，并对所得压块的物理和化学性质进行测试与评价。主要测试指标

包括密度、发热量、抗压强度、含水率、灰分、挥发分和固定碳含量，并与印度尼西亚国家木炭

压块标准（SNI）进行对比分析。结果表明，当粘结剂用量为15 g/100 g木炭时，各项性能表现最

佳：压块密度为0.7808 g/cm³，发热量为4716.28 cal/g（约19.7 MJ/kg），抗压强度为14.99 kg/cm²（

约1.47 MPa），含水率为5.98%，灰分为7.64%，挥发分为10.89%，固定碳含量为81.09%。除发热

量和抗压强度略低于SNI推荐限值外，其余大部分指标均满足相关标准要求。研究结果表明，胡桃

壳废弃物与红心火龙果果皮粘结剂的组合能够制备出物理与化学性质总体较优的木炭压块，显示

出该生物质–粘结剂体系作为可再生固体燃料原料的应用潜力。未来仍需通过进一步优化粘结剂配

方和工艺参数，以全面满足标准性能要求并推动其在实际能源利用中的推广应用。 

关键词：胡桃壳；红心火龙果果皮粘结剂；果胶粘结剂；木炭压块；生物质；可再生能源 

1. Introduction
Fossil fuels are the most important source of energy

for humans to date, particularly petroleum, coal, and 

natural gas, which have been around for thousands of 

years. With the growing population and technological 

advances, the demand for fossil fuels will continue to 

increase. However, this is not in line with the dwindling 

availability of fossil energy, as fossil energy is a non-

renewable energy source. As a result, energy sources 

may become scarce or even depleted in the future [1].  

Indonesia also faces similar challenges in the energy 

sector. The main issue is the mismatch between 

increasing energy consumption and the required energy 

supply. Energy use in Indonesia is increasing by 3.46% 

annually. The largest energy consumption is in the 

industrial sector at 37.17%, followed by the household 

sector at 29.43%, transportation at 28.10%, commercial 

at 3.24%, and others at 2.04%. One alternative is the use 

of biomass energy [2].   

Biomass energy is a source of energy derived from 

renewable natural resources, making it a potential 

alternative to renewable energy sources. Biomass used 

as an alternative fuel must be environmentally friendly, 

easily obtainable, economical, and widely used by the 

general public [3]. 

Briquettes are an alternative biomass fuel to fossil 

energy derived from agricultural waste, such as plant 

parts. The raw materials for making these briquettes can 

be parts that are intentionally used as the main ingredient 

or residues or waste from agro-industrial production or 

processing [4].    

The cashew plant is a plant native to Indonesia that 

has the potential to be developed as a food and medicinal 

product. However, the skin and shell of cashew nuts are 

the main source of lignocellulose that can be used to 

produce renewable energy fuel by utilizing biomass. The 

nutshell is a lignocellulosic agricultural waste consisting 

of cellulose (17.74%), hemicellulose (36.06%), and  
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lignin (36.90%). By leveraging this potential, 

opportunities can be created to produce environmentally 

friendly renewable energy [5].  

The briquette production process is important for 

adding a binder to enhance the physical properties of the 

briquettes. One waste material that can be utilized as a 

binder is red dragon fruit peel. Red dragon fruit peel 

contains pectin with a relatively high content, 

approximately 10.80% [6] while dried red dragon fruit 

has a pectin content of approximately 14.6–20.14% [7]. 

Pectin is a hydrocolloid compound that can be utilized 

in gel production [8]. Therefore, the pectin contained in 

dragon fruit peel can be used as a binder in charcoal 

briquette production. 

Another criterion that plants must meet as an energy 

source is their cellulose and lignin content [9]. All 

materials containing lignin and cellulose can be 

densified or compacted [10]. The main raw material for 

charcoal briquette production is lignocellulose. 

Lignocellulose comprises of cellulose, hemicellulose, 

and lignin [11]. 

Charcoal briquette production has been widely 

carried out using various materials and different 

variations. Among them, [12] conducted research to 

create walnut shell briquettes that have economic value 

and can replace or be equivalent to coal briquettes. The 

production process of walnut shell samples involves 

carbonization using mesh sizes 28, 65, and 80. The 

research results indicate that walnut shell briquettes can 

compete with coal briquettes in terms of particle size, 

calorific value, volatile matter content, and other 

properties. 

The selection of walnut shell waste (Canarium 

indicum L.) and red dragon fruit peel as research objects 

is based on several key criteria. Walnut shells have a 

high lignocellulose composition cellulose, 

hemicellulose, and lignin that enables efficient 

combustion and high calorific value, making them ideal 

as biomass feedstock [6]. Meanwhile, red dragon fruit 

peel is abundant agricultural waste with a significant 

pectin content, functioning effectively as a natural 

binder that improves briquette cohesion and reduces the 

use of synthetic adhesives. The combination of these 

two materials aligns with the principles of circular 

economy and waste valorization, as it transforms 

organic waste into value-added renewable energy 

products. 

Practically, Practically, the findings of this study are 

expected to provide a sustainable alternative energy 

source that can be applied at both household and 

industrial levels, reducing waste accumulation and 

dependency on fossil fuels. Theoretically, the research 

contributes to the development of knowledge in biomass 

energy conversion, particularly the interaction between 

lignocellulosic structure and natural binder properties in 

determining the physical and thermal characteristics of 

briquettes [11]. 

Based on the above background, research on 

charcoal briquettes typically uses sago or tapioca flour 

as a binder, with no studies using dragon fruit peel 

extract. Therefore, the researcher aims to conduct a 

study on the “characteristics of charcoal briquettes from 

walnut shell waste (Canarium Indicum L.) using red 

dragon fruit peel as a binder.” 

2. Method
2.1. Charcoal Production

Walnut shells are dried under the sun for 3 days until 

they are completely dry. The walnut shells are then 

placed in an empty can and burned until they turn into 

charcoal, as indicated by the absence of smoke. Once 

cooled, the charcoal is ground into a fine powder using 

a mortar and pestle, then sieved using a 120-mesh sieve. 

The charcoal powder is then placed in a sealed container 

before mixing with an adhesive.  

To ensure reproducibility, the carbonization process 

was performed under semi-controlled pyrolysis 

conditions, maintaining limited oxygen access by using 

a metal container with small air vents. The burning 

process was carried out for approximately 45–60 

minutes until all the shells were carbonized uniformly. 

The resulting charcoal was allowed to cool naturally at 

room temperature (25–27°C) before being ground. All 

grinding and sieving steps were performed using 

sterilized equipment to prevent contamination, and each 

batch of charcoal was labeled according to production 

date and temperature conditions. 

2.2 Charcoal Briquette Production 

Charcoal powder from walnut shells is placed in a 

container, then red dragon fruit peel adhesive powder is 

added at concentrations of 15g, 20g, and 25g, along with 

85 ml of distilled water. Then mix the charcoal powder 

and adhesive flour evenly. After mixing, the charcoal 

briquettes are molded in a briquette mold and dried 

under sunlight until dry. 

All mixtures were prepared at a constant ambient 

temperature of 28 ± 2°C and relative humidity of 70–

80%. The adhesive was prepared by drying red dragon 

fruit peels at 60°C for 24 hours, then grinding them into 

fine powder and sieving with a 100-mesh sieve. The 

briquette mixture was stirred manually for 10 minutes 

until it was homogeneous and formed a plastic-like 

texture. The molding process used cylindrical molds 

(diameter 3 cm, height 2 cm) under a constant manual 

pressure of approximately 5 kg/cm² to ensure uniform 

density. Drying was conducted under direct sunlight for 

2 days (8 hours/day) until the weight remained constant, 

indicating stable moisture content. Three replications 

were carried out for each concentration level to enhance 

data reliability. 

2.3 Charcoal Briquette Testing 

The parameters tested for charcoal briquettes in this 
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study were density, compressive strength, calorific 

value, moisture content, ash content, volatile matter 

content, and fixed carbon content. Each test was 

conducted in triplicate, and the mean values were 

reported to minimize measurement error. Standard 

testing protocols were based on SNI (Indonesian 

National Standard) references, and all instruments were 

calibrated before measurement. 

2.4 Density 

The principle for determining density or specific 

gravity is expressed in the ratio between the weight and 

volume of charcoal briquettes [13].  

𝐝𝐞𝐧𝐬𝐢𝐭𝐲 =
sample mass (g)

sample volume cm3
 (1) 

Each briquette was weighed using an analytical 

balance with 0.001 g precision, and its volume was 

measured using the displacement method in a graduated 

cylinder containing distilled water to reduce 

measurement bias. 

2.5 Strong Pressure 

Compressive strength testing was performed using a 

Universal Testing Machine (UTM). 

𝐊𝐭 (𝐤𝐠/𝐜𝐦𝟐 ) =
𝐅 (𝐍)

𝐀(𝐜𝐦𝟐)
(2) 

The test was performed by applying a uniform load 

until the briquette fractured. The applied force (F) was 

recorded, and the surface area (A) was calculated from 

the briquette’s dimensions. Each sample was tested three 

times, and the average value was used for analysis. The 

testing temperature was controlled at 25°C to avoid the 

effect of humidity on structural integrity. 

2.6 Determination of Water Content 

Water content is basically the evaporation of free 

water contained in briquettes until the water content 

reaches equilibrium with the surrounding air. The 

formula for calculating water content according to SNI 

06-3730-1995 (section 5.2) is as follows:

𝐦𝐨𝐢𝐬𝐭𝐮𝐫𝐞 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 (%) =  
𝐰𝟏

𝐰𝟐
𝐱 𝟏𝟎𝟎 % (4) 

Samples were weighed before and after being dried 

in an oven at 105°C for 2 hours. The procedure was 

repeated until a constant weight was achieved to ensure 

complete evaporation of free water [14]. 

2.7 Determination of Ash Content 

The ash content in charcoal briquettes comprises 

minerals that cannot be eliminated or vaporized during 

combustion. The ash content is determined according to 

SNI 06-3730-1995 (section 5.3) as follows: 

𝐚𝐬𝐡 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 (%) =  
𝐰𝟏

𝐰𝟐
𝐱 𝟏𝟎𝟎 % (5) 

Samples were combusted in a muffle furnace at 

750°C for 3 hours until a constant gray-white residue 

formed. The crucibles were cooled in a desiccator before 

weighing to avoid moisture absorption [15]. 

2.8 Determination of Volatile Substance Content 

The volatile matter content is determined by 

evaporating all volatile substances in charcoal briquette 

powder, excluding water. The volatile matter content is 

quantified as a percentage according to SNI 01-6235-

2000 (section 6.3) as follows: 

𝐚𝐬𝐡 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 (%) =  
𝐰𝟏−𝐰𝟐

𝐰𝟏
𝐱 𝟏𝟎𝟎 % (6) 

Approximately 1 g of each sample was heated in a 

closed crucible at 950°C for 7 minutes in a muffle 

furnace. After cooling in a desiccator, the remaining 

mass was recorded, and calculations were performed to 

determine volatile matter content [13]. 

2.9 Determination of Bound Carbon Content 

Bound carbon refers to the portion of carbon (C) in 

briquettes, excluding water, volatile matter, and ash 

components. The bound carbon concentration is 

delineated in SNI 06-3730-1995 (section 5.6) as follows: 

Bound carbon content (%) = (100%) – (ash content + 

Volatile matter content) % (7) 

This value was calculated indirectly from previously 

obtained data. The analysis provides insight into the 

energy potential and combustion stability of the 

briquettes. Higher bound carbon content indicates better 

fuel performance and longer burning duration 

3. Result
3.1 Charcoal Briquette Production

Each briquette molding treatment produced 9 

charcoal briquettes, with each treatment having a 

concentration variation of 15g, 20g, and 25g. The 

charcoal briquettes produced were cylindrical in shape 

with a height of 2 cm and a diameter of 2.7 cm. The 

results obtained from this study can be seen in Table 1. 

Table 1. Data Analysis of Charcoal Briquette 

Characterization from Walnut Shells 
Charcoal 

Mass 

(grams) 

Adhesive Weight Variations 

Indonesia 

National 

Standard 

(SNI) 

100 grams 15 gram 20 gram 25 gram - 

Density 

(g/cm3) 
0.7805 0.8079 0.8508 > 0,5⎯0,6

Compressive 

Strength 

(kg/cm2) 

14.9884 12.3119 5.8892 > 50

Calorific 

Value 
4716.28 3794.37 3734.75 5000 

(cal/g) 5.9777 6.7283 7.3874 < 8 

Moisture 

Content (%) 
7.64 10.86 10,96 < 8 
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Ash Content 

(%) 
10.89 9.96 9.01 < 15 

Volatile 

Matter 

Content (%) 

81.47 79.18 80.03 77 

3.2. Testing the Characteristics of Charcoal 

Briquettes 

3.2.1 Density 

Density is the result of comparing the mass and 

volume of charcoal briquettes [14]. For achieve good 

density values, the researchers produced charcoal 

briquettes from walnut shells using a 120-mesh sieve to 

obtain finer powder. The density values in this study are 

shown in Figure 1. 

Figure 1. Bar chart showing the concentration of 

density of charcoal briquettes made from walnut 

shells 

3.2.2. Strong Pressure 

Compression testing is a mechanical testing tool used 

to measure and determine the strength of an object 

against compressive forces. A greater compressive 

strength number indicates superior resistance to external 

pressure and a reduced likelihood of charcoal briquettes 

crumbling  [15]. 

Figure 2. Bar chart showing the concentration of 

strong adhesive pressure briquettes made from 

walnut shells 

3.2.3Calorific Value 

Based on Figure 4, the research results show that the 

highest calorific value of walnut shell charcoal 

briquettes was found at a binder concentration of 15 

grams, which was 4716.28 cal/g, and the lowest calorific 

value was found at a binder concentration of 25 grams, 

which was 3734.75 cal/g. 

Figure 3. Bar chart shows the relationship between 

adhesive concentration and the calorific value of 

charcoal briquettes made from walnut shells 

3.2.4 Water Content 

The research results indicate that as the binder 

concentration increases, the moisture content also 

increases. This is because adding red dragon fruit peel 

binder concentration can increase the moisture content. 

Based on the findings of the study conducted on three 

adhesive concentrations, the average values obtained 

were as follows: adhesive concentration of 15 grams 

with a moisture content of 5.9777%, adhesive 

concentration of 20 grams with a moisture content of 

6.7283%, and adhesive concentration of 25 grams with 

a moisture content of 7.3874%. 

Figure 4. Bar chart showing the relationship 

between adhesive concentration and moisture 

content of coconut shell charcoal briquettes 

3.2.5 Ash Content 

According to the test outcomes in Figure 6, it was 

found that the ash content of walnut shell charcoal 

briquettes rose with higher adhesive concentrations. The 

adhesive concentration of 15 grams was 8.02%, the 

adhesive concentration of 20 grams was 10.86%, and the 

adhesive concentration of 25 grams was 10.96%. 
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Figure 5. Bar chart showing the relationship 

between adhesive concentration and ash content of 

coconut shell charcoal briquettes 

3.2.6 Volatile Substance Content 

In Figure 6, the highest concentration of volatile 

compounds was found in the 15-gram adhesive 

concentration, which was 10.89%, followed by the 20-

gram adhesive concentration and the lowest 

concentration of 25 grams, which was 9.01%. 

Figure 6. Bar chart shows the relationship between 

adhesive concentration and the concentration of 

volatile compounds in walnut shell charcoal 

3.2.7 Bound Carbon Content 

Figure 7. Bar chart showing the relationship 

between adhesive concentration and carbon content 

in charcoal briquettes made from walnut shells 

Figure 7, charcoal briquettes made from walnut 

shells at a binder concentration of 20 grams experienced 

a decrease followed by an increase at a concentration of 

25 grams.  

3.2.8 Analysis of Fourier Transform Infrared (FTIR) 

FTIR spectrophotometer analysis is used to 

determine which functional groups are contained in a 

product. The working principle of an FTIR 

spectrophotometer is to identify the functional groups of 

a compound based on the infrared absorption of that 

compound [16].   

Figure 8. FTIR spectra of walnut shell charcoal 

briquettes containing an adhesive concentration of 

15 grams

Figure 9. FTIR spectra of walnut shell charcoal 

briquettes with an adhesive concentration of 20 

grams 

Table 2. Functional Groups in the FTIR Spectra of 

Walnut Shell Charcoal Briquettes Adhesive 

Concentration 15 grams 

Wave number 

value obtained 

(cm-1) 

Library (cm-1) Function Group 

3442.91 cm-1 3200-3600 cm-1 O-H

2926.01 cm-1 

2864.29 cm-1 
2850-2970 cm-1 C-H aliphatic

1602.85 cm-1 1600-1820 cm-1 C=C aromatic 

1114.86 cm-1 1020-1250 cm-1 C-O

750.31 cm-1 690-900 cm-1 C-H ring aromatic

Table 3. Functional Groups in the FTIR Spectra of 

Walnut Shell Charcoal Briquettes 20 gram Adhesive 

Concentration 

Wave number 

value obtained 

(cm-1) 

Library (cm-1) Function Group 

3444.87 cm-1 3200-3600 cm-1 O-H

2924.09 cm-1 2850-2970 cm-1 C-H aliphatic

1606.70 cm-1 1600-1800 cm-1 C=C aromatic

1429.65 cm-1 1500-1400 cm-1 C-C aliphatic

1112.93cm-1 1300-1050 cm-1 C-O

7.64

10.86 10.96
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Figure 10. FTIR spectra of walnut shell charcoal 

briquettes with an adhesive concentration of 20 

grams 

Table 4. Functional groups identified in FTIR 

spectra of walnut shell charcoal briquettes 

prepared with 20 g of adhesive 

Wave number 

value obtained 

(cm-1) 

Library (cm-1) Function Group 

3442.94 cm-1 3200-3600 cm-1 O-H

2924.09 cm-1 2850-2970 cm-1 C-H aliphatic

1606.70 cm-1 

1515.12 cm-1 
1650-1400 cm-1 C=C aromatic 

1461.45 cm-1 1470-1340 cm-1 C-H alkanes

750.31 cm-1 
995-675 cm-1 

900-690 cm-1

C-H ring

aromatic

4. Discussion
4.1 Charcoal Briquette Production

The raw material to be used must have a high 

chemical content of hemicellulose or cellulose, lignin, 

and extractive substances. Walnut shells contain 17.74% 

cellulose, 36.06% hemicellulose, and 36.90% lignin. 

Given the relatively high lignocellulose content, walnut 

shells as an organic compound have the potential to 

serve as an alternative fuel source, such as charcoal 

briquettes. 

This study used red dragon fruit peel, which contains 

approximately 10.80% pectin, while the pectin content 

in dried red dragon fruit peel ranges from 14.6% to 

20.14%. In this study, dried dragon fruit peel was used 

as a binder in the production of charcoal briquettes.  

The charcoal briquette production process involves 

several stages: carbonization (charring), mixing, 

briquette molding, briquette drying, and testing 

(physical and chemical properties). In the production of 

coconut shell briquettes, the shells are first dried under 

sunlight until completely dry to reduce the moisture and 

oil content of the coconut shells and facilitate the 

carbonization process. The carbonization process in this 

study used cans to prevent the combustion products from 

turning into ash, with a carbonization duration of 3 

hours. 

Next, the charcoal powder was mixed with dried red 

dragon fruit peel at concentrations of 15 g, 20 g, and 25 

g, and 85 ml of distilled water was added. The purpose 

of mixing charcoal powder and adhesive is to create a 

thin layer of adhesive on the surface of the charcoal 

particles. The use of adhesive aims to strengthen the 

bonds between particles [14]. The adhesive 

concentration was varied to determine the optimal 

adhesive concentration for the resulting charcoal 

briquettes.  

The molding process is carried out after the charcoal 

briquette mixture is evenly mixed. The briquette mixture 

is then molded and pressed using a press machine with 

a pressure of 10 MPa. The higher the pressure applied, 

the greater the density and strength of the briquette. 

The subsequent phase involves sun-drying the 

charcoal briquettes for a duration of 4 days. The drying 

process aims to reduce the moisture content from the 

adhesive solvent, aquadest, to facilitate the combustion 

of the briquettes. 

The dried charcoal briquettes are subsequently tested 

to ascertain their properties in compliance with 

Indonesian National Standards (SNI). including density, 

compressive strength, moisture content, ash content, 

calorific value, volatile matter content, and fixed carbon 

content. 

4.2. Testing the Characteristics of Charcoal 

Briquettes 

4.2.1 Density 

The results of the density study (Figure 1) show that 

the highest density value was found at a concentration 

of 25 grams, which was 0.8508 g/cm³, and the lowest at 

a concentration of 15 grams, which was 0.7805 g/cm³. 

Based on the research data, density is directly 

proportional to the concentration of the adhesive used. 

The higher the adhesive concentration, the higher the 

density value. This is because the pectin in the dragon 

fruit adhesive forms hydrogen bonds with cellulose 

(Figure 11), where a higher adhesive concentration 

results in more adhesive filling the pores of the charcoal 

briquettes, thereby improving the bond between the 

adhesive and the charcoal powder because the charcoal 

particles can bind more tightly together and become 

denser [17]. 
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Figure 11. Intra and Inter-Cellulose and Pectin 

Hydrogen Bonds 

4.2.2. Strong Pressure 

The results of the study based on Figure 3 show that 

the highest compressive strength value at a 

concentration of 15 grams is 14.9884 kg/cm², followed 

by a concentration of 20 grams at 12.3119 kg/cm², and a 

concentration of 25 grams has the lowest compressive 

strength at 5.8890. The compressive strength of charcoal 

briquettes is affected by the density and physical 

structure of the briquettes. Briquettes with high density 

and a more compact structure will have higher 

compressive strength. 

4.2.3 Calorific Value 

The most important parameter in fuel production is 

calorific value. A higher value indicates that the 

generated charcoal briquettes exhibit superior quality. 

The moisture, vapor, ash, and carbon content of 

briquettes affect how high or low their calorific value is 

[18]. The calorific value is used for efficiency (savings), 

meaning that if the calorific value per unit is low, then 

the amount of raw material used for combustion or 

heating will be less [19]. 

A higher calorific value indicates superior briquette 

quality. An increase in calorific value can be influenced 

by variations in the concentration of the adhesive used. 

As the starch content increases, the calorific value 

obtained decreases. The calorific value is additionally 

affected by the drying process. The longer the drying 

time of the briquettes, the higher the calorific value due 

to the decrease in moisture content. 

The calorific value results of this study did not meet 

the SNI standard (01-6235-2000), which requires a 

minimum calorific value of 5000 cal/g, and did not meet 

the charcoal briquette standard. However, among all the 

calorific value tests, the highest value was obtained at a 

binder concentration of 15 grams, with a calorific value 

of 4716.28 kcal/g. This calorific value already meets the 

Indonesian National Standard (SNI) 8021: 2014, which 

requires a minimum calorific value of 4000 kcal/g, due 

to the appropriate mixture ratio between charcoal 

powder and red dragon fruit peel adhesive. The analysis 

of variance results indicate that the type of adhesive, 

powder size, and their interaction significantly influence 

the calorific value [20]. 

4.2.4 Water Content 

The moisture content in charcoal briquette 

production greatly affects the calorific value and 

ignition process of a briquette fuel. Moisture content 

testing is conducted to determine the water content in 

briquettes with different adhesive concentrations. 

Briquettes with minimal moisture content yield elevated 

calorific values and combustion rates, and conversely. 

Figure 4 illustrates the moisture content value of the 

15-gram adhesive concentration increases to the 20-

gram adhesive concentration and continues to increase

to the 25-gram adhesive concentration. This is consistent

with the research conducted by [21], which indicates

that the water content is directly proportional to the

adhesive concentration used, as each adhesive

concentration has a different amount. The moisture

content test results for each adhesive concentration did

not exceed 8%, with a moisture content range of

5.9777%–7.3874%, meeting the SNI 01-6235-2000

standard of <8%.

4.2.5 Ash Content 

Ash content is the carbon residue from the 

combustion process. The ash content in adhesives or raw 

materials affects the ash content, with silica as the main 

component of ash that has the most significant effect on 

the calorific value of charcoal briquettes produced [14]. 

Figure 5, it was found that the ash content of walnut shell 

charcoal briquettes rose with higher adhesive 

concentrations. This indicates that the higher the ash 

content in the briquettes, the lower the calorific value 

produced. Conversely, the lower the ash content in the 

briquettes, the higher the calorific value produced [22]. 

The research results show that only the 15-gram 

adhesive concentration meets the SNI (01-6235-2000) 

standard with an ash content of <8%, while the 20-gram 

and 25-gram adhesive concentrations do not meet the 

charcoal briquette standards of all countries, including 

Indonesia, with an ash content of 8%. 

4.2.6 Volatile Substance Content 

Volatile matter content is the part of the briquette that 

will turn into product when heated without air at a 

temperature of ± 9500°C. Volatile matter content 

includes combustible gases such as hydrogen, carbon 

monoxide (CO), and methane (CH4), along with non-

combustible gases such as CO2 and H2O. The volatile 

matter content affects the completeness of combustion 

and the intensity of the flame. The higher the volatile 

matter content, the faster the fuel will burn and the more 

smoke it will produce when the charcoal briquette is 

ignited [23] as shown in Figure 6. 

 The high or low levels of volatile substances are 

influenced by the substances extracted from the raw 

charcoal material and other charcoal chemicals. 

Additionally, another cause is the inefficient carbonation 

process. As we know, the purpose of carbonation is to 

break down hydrocarbon compounds such as cellulose 

and hemicellulose into pure carbon. This is due to the 

high oxygen content during the carbonation process, 

which affects how hydrocarbons are broken down. 

Overall, in this study, the testing of volatile substance 

levels from the three adhesive concentrations met SNI 

01-6235-2000 standards, which is below 15%.

4.2.7 Bound Carbon Content 
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The fixed carbon content is the proportion of carbon 

(C) bound in briquettes other than water content, ash,

and volatile matter. The fixed carbon content can affect

the quality of briquette fuel. A greater fixed carbon

concentration correlates with superior briquette quality,

and the higher the fixed carbon content, the greater the

heat value produced [24]. Testing the fixed carbon

content in briquettes aims to determine the carbon

content after the carbonization process. Fixed carbon is

a substance that provides heat to the briquette, and a

higher content indicates a better briquette [25].

 The testing of carbon contained in charcoal 

briquettes is affected by the ash content and volatile 

matter content. The carbon content will be higher if the 

water content, ash content, and volatile compounds of 

the charcoal briquettes are low. 

The highest bound carbon content was obtained from 

a binder concentration of 15 grams at 81.47%, while the 

lowest bound carbon content was found at a binder 

concentration of 20 grams at 79.18%. As shown in 

Figure 7 above, charcoal briquettes made from walnut 

shells at a binder concentration of 20 grams experienced 

a decrease followed by an increase at a concentration of 

25 grams. This was due to the conventional 

carbonization process, which resulted in temperatures 

that did not reach the ideal level, causing the bound 

carbon content to increase again at a binder 

concentration of 25 grams. 

4.2.8 Analysis of Fourier Transform Infrared (FTIR) 

Based on the spectrum in Figure 9, there are several 

peaks that show absorption at wavelengths. There is an 

absorption peak with a widened shape at wave number 

3442.91 cm-1 because it is in the 3600-3200 cm-1 region 

indicating the existence of stretching vibrations of 

hydroxyl groups (O-H) from hemicellulose and 

cellulose content in biomass [26]. The wave number 

with an absorption band peak of 2926.01 cm-1 shows an 

aliphatic C-H functional group indicating hydrocarbon 

compounds. A long peak occurs at a wave number of 

1602.85 cm-1 which indicates the vibration of the 

aromatic C = C functional group [27]. Waves around 

1114.86 cm-1 indicate the existence of C-O functional 

groups of carbonyl ester compounds and acetyl bonds. 

Where when the briquette is heated, the spectra peak 

changes from steep to sloping in the charcoal briquette 

wave band. The change is due to the breaking of acetyl 

bonds that represent hemicellulose bonds due to heating 

[27]. The wavelength of 750.31 cm-1 shows the vibration 

of the C-H group of aromatic rings or phenolic 

structures, which are commonly found in lignin, tannin, 

or other phenolic components present in walnut shells. 

The main cellulose-building groups consist of O-H, C-

H and C-O functional groups. Overall, it can be seen in 

Table 2. 

Based on the FTIR spectra in Figure 9, charcoal 

briquettes with a concentration of 20 grams appear a 

peak at 3444.87 cm-1, indicating the existance of 

hydroxyl (O-H) functional groups that may come from 

compounds such as cellulose, hemicellulose, or lignin, 

which are the main components in walnut shells and red 

dragon fruit peels. The wave peak of 1606.70 cm-1 

indicates the presence of aromatic C=C groups because 

it is in the range of 1600-1800 cm-1 which indicates the 

characteristics of the carbon charcoal structure [28].   

Changes in the C = C functional group are due to heat 

treatment (carbonization) which increases lignin acid 

content, a compound that resembles a lignin component. 

The wavelength of 1429.65 cm-1 with a range of 1500-

1400 cm-1 indicates the presence of C-C aliphatic amine 

groups which may indicate the presence of lignin or 

polysaccharide compounds. The wavelength of 1112.93 

cm-1 indicates the existance of a C-O functional group

because it is in the 1300-1050 cm-1 range. This spectrum

indicates the presence of organic compounds with -OH,

-CH2, and ester or alcohol groups is observable in Table

3.

The outcomes of the FTIR test in Figure 10 show that 

changes in compound content will decrease after 

carbonization into a charcoal sample (not skin anymore), 

which consists of some cellulose and lignin will be 

decomposed into tar (combustion products), carbon 

content will increase to 98%, and the rest is ash. The 

peak wave 3442.94 cm-1 because it is in the range of 

3200-3600 cm-1 indicates the presence of stretching 

vibrations of O-H hydroxyl functional groups which 

often come from cellulose, hemicellulose, lignin or 

pectin which are the main components in walnut shells. 

Wavelength 2924.09 cm-1 the existence of aliphatic C-H 

groups which may come from lignocellulose or lipid 

structures. The wavelength of 1606.70 cm-1 indicates the 

presence of an aromatic C=C group because it is in the 

1600-1400 cm-1 region. The wavelength of 1461.45 cm-

1 indicates the existence of a C-H bending functional 

group because it is in the 1300-800 cm-1 region which is 

likely to come from methyl (-CH3) or methylene (-CH2-

) groups in lignocellulose components. 

The wavelength of 750.31 cm-1 is known to include 

the C-H functional group. After being matched with the 

literature, it is included in the alkene C-H functional 

group because it is in the range of 995-675 cm-1 and the 

aromatic ring C-H functional group with a range of 900-

690 cm-1. Therefore, in the results of this spectrum what 

is detected is the C = C functional group on the alkene 

ring instead of the aromatic ring, it can be concluded that 

the possibility of the functional group at 750.31 cm-1 

including the C-H alkene functional group (Table 4). 

5. Conclusion
5.1. Summary of the main findings

This study examined the physicochemical 

characteristics of charcoal briquettes produced from 

walnut shells using red dragon fruit peel as a natural 

adhesive. The briquettes prepared with an adhesive 
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concentration of 15 g exhibited the most favourable 

performance, with a density of 0.7808 g/cm³, a moisture 

content of 5.98%, an ash content of 7.64%, a volatile 

matter content of 10.89%, and a bound carbon content 

of 81.09%. These values are within or better than the 

corresponding Indonesian National Standard (SNI) 

requirements (density > 0.5–0.6 g/cm³, moisture < 8%, 

ash < 8%, volatile matter < 15%, bound carbon > 77%). 

Although the compressive strength (14.99 kg/cm²) and 

calorific value (4716.28 cal/g) did not fully satisfy the 

SNI criteria, the overall quality parameters indicate that 

walnut shell briquettes bound with red dragon fruit peel 

have promising properties for use as a renewable solid 

fuel. 

5.2. Comparison with previous studies 

The findings are broadly consistent with 

previous work by Asmiani (2020), who reported that 

walnut shell-based briquettes can achieve competitive 

calorific values and acceptable volatile matter content 

relative to conventional coal briquettes. In contrast to 

earlier studies that relied on starch-based binders such as 

tapioca or sago flour, the present work demonstrates the 

feasibility of using an adhesive derived from red dragon 

fruit peel, an agricultural residue naturally rich in pectin. 

The slightly lower compressive strength and calorific 

value observed here, compared with briquettes produced 

using other binders, are plausibly linked to differences 

in binder composition, particle interactions, and drying 

conditions. These discrepancies underscore the 

importance of optimizing binder formulation and 

process parameters when transitioning to alternative, 

waste-derived adhesives. 

5.3. Theoretical and practical implications 

From a theoretical standpoint, the study 

contributes empirical evidence on the role of natural 

pectin-based binders in shaping the physical and 

chemical properties of biomass briquettes. The results 

support the view that interactions between 

lignocellulosic feedstock characteristics, adhesive 

concentration, and processing conditions jointly 

determine key quality indicators such as density, ash 

content, volatile matter, and bound carbon. This 

evidence can inform further modelling and optimisation 

of binder–biomass systems in solid biofuel research. 

From a practical perspective, the use of walnut 

shells and red dragon fruit peels illustrates a viable 

waste-to-energy pathway that valorises locally available 

agricultural residues. The ability to produce briquettes 

that largely comply with SNI quality parameters 

suggests that such materials could be integrated into 

rural and small-scale energy systems as a substitute for 

firewood or lower-grade coal. More broadly, the 

findings align with national and global agendas on 

renewable energy development and waste reduction by 

demonstrating how agricultural by-products can be 

transformed into higher-value, cleaner-burning fuels. 

5.4. Limitations and directions for future research 

Several limitations should be acknowledged. 

First, while most quality parameters met SNI 

requirements, the compressive strength and calorific 

value remained slightly below the recommended 

thresholds, indicating that the current binder formulation 

and processing regime are not yet fully optimised. 

Second, the study focused on laboratory-scale 

production and did not systematically evaluate 

combustion emissions or long-term mechanical stability 

during storage and handling. 

Future research should therefore prioritise 

optimisation of the binder formulation, for example by 

combining red dragon fruit peel adhesive with other 

natural binders (such as starch or molasses) to improve 

compressive strength and energy density. Systematic 

variation of carbonization conditions and drying regimes 

is also warranted to enhance carbonization efficiency 

and fuel performance. In addition, comprehensive 

assessments of combustion behaviour including 

emission profiles and burning duration are needed to 

characterise the environmental performance and user 

safety of these briquettes. Finally, techno-economic and 

scalability analyses, particularly in rural or resource-

constrained settings, would help to determine the 

practical feasibility of deploying walnut shell–based 

briquettes with red dragon fruit peel adhesive at larger 

scales. 
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